). From a number of animal studies, the importance of temporally correlated inputs has been assumed to play a key role in mediating plastic changes 
male, 9 female, all right-handed, mean age 26.3 Ϯ 3.66 Figures 3A and 3D ). Parallel to the recovery seen in the psychophysical data, the effects of coactivation on years), where only a small "point-like" skin area was stimulated. Otherwise, stimulation frequency and dura-BOLD signals in SI and SII were reversible 24 hr after coactivation ( Figure 4 , Table 2 ). tion of stimulation period were the same as described for coactivation. All subjects achieved a stable 2-point In six subjects, we additionally measured BOLD signals before and after single-site stimulation. For a single discrimination performance as estimated from repeated assessment of thresholds over five consecutive sessubject data set together with its psychometric performance, see Tables 1 and 2 ). fMRI is widely used to study the organiual data set; for a summary of all individual fMRI data, zation of the human brain during operation by measuring see Tables 1 and 2 ). For each subject, the coordinates the BOLD signal, which makes use of the close link of maximal BOLD activity (see Table 1 processing resources appears to be crucially involved in mediating superior performance. Conceivably, small changes, we suggest that the simultaneous activation on the skin alters synaptic transmission at a cortical differences in performance may not necessarily be due to measurement artifacts or noise, but may reflect true level, which results in an enlargement of the finger repre- ). When this protocol was applied al., 2002, Soc. Neurosci., abstract). According to these data, uncorrelated coactivation is not a genuine "confor 3 hr to the tip of the right IF, no effects, either on discrimination or on cortical maps in SI and SII, were trol," but a new and different way to induce perceptual learning. found (Figure 5 ), indicating that "coactivation" is indeed crucial. These findings also make it rather unlikely that Due to the task-free nature of coactivation, it is reasonable to assume that coactivation alters the entire way general processes such as attentional enhancement were involved. The increase of the discrimination index sensory information is processed. However, fundamental changes of tactile information processing do not rule (d' value) provides further support for the specificity of the coactivation effect.
out that some aspects of tactile information processing might deteriorate. According to unpublished data, tacIt should be noted that we additionally explored the effects of a protocol of so-called uncorrelated coactivatile localization on the IF became worse after coactivation. A similar trade-off between localization and distion using two independent small stimulators (separa- 
SII Reorganization
Besides the performance-dependent enlargement of SI, we found that localized reorganizational changes can be induced at the next hierarchical level at SII. While lesion-induced reorganization has been observed outside SI (Pons et al., 1988) , learning-induced plastic changes have so far not been described for SII. In amputees, neuroelectric source imaging revealed decreased activity in ipsilateral SII cortex associated with nonpainful phantom sensation (Flor et al., 2000) . Using fMRI, an enlarged bilateral SII representation of a telescoping perception of the phantom limb was reported (CondesLara et al., 2000). In our study, under control conditions, the patterns of SII activation were variable across sub- Single-Site Stimulation the present study, we investigated the recovery of coactivationTo provide a control for the Hebbian nature of the coactivation and induced changes in four subjects perceptually and by using fMRI to rule out that unspecific factors are unlikely to contribute to the (seventh session, Figure 1A) . coactivation effects, we applied a so-called single-site stimulation. For that purpose, we used a tiny stimulator that was also taped to Measurement of 2-Point Discrimination Thresholds the tip of the right IF. The device consisted of a small probe (diameter The study was performed in accordance with the Declaration of 0.5 mm) that was moved up and down by means of a small relay Helsinki. The subjects gave their written informed consent, and the ( Figure 1C) . In that way, a single "point" (0.8 mm 2 ) was stimulated protocol was approved by the local ethical committee of the Ruhrinstead of coactivating a large area of 50 mm 2 . Stimulation parameUniversity Bochum.
ters were identical to those used for coactivation: pulse duration We tested 14 right-handed subjects (4 male, 10 female; mean was 10 ms and average frequency was 1 Hz using interstimulus age 31.6 years, SD Ϯ 3.7 years) in a 2-alternative forced-choice intervals from 100 to 3000 ms in pseudorandomized order. Duration simultaneous spatial 2-point discrimination task (Godde et al. fMRI Scanning fMRI measurement was performed with a whole-body 1.5 T scanner Seven pairs of needles (diameter 200 m), separated by 0.7, 1.0, 1.3, 1.6, 1.9, 2.2, and 2.5 mm, were used and zero distance was (Magnetom Symphony, Siemens Medical Systems, Germany) equipped with a high-power gradient-system (30 mT/m/s; SR 125 T/m/s), using tested with a single needle.
To accomplish a rather uniform and standardized type of stimulaa standard imaging head coil. Blood-oxygen level-dependent (BOLD) images were obtained with a single-shot SpinEcho-EPI setion, the disc was installed in front of a plate that could be moved up and down. The arm and fingers of the subjects were fixed on quence (TR 1600 ms, TE 60 ms, matrix 64 ϫ 64, field of view [FOV] 224 mm, 5 mm slice thickness, 1 mm gap between slices, voxel the plate and the subjects were then asked to move the arm down. The down movement was arrested by a stopper at a fixed position 3.5 ϫ 3.5 ϫ 5 mm). We acquired 16 transaxial slices parallel to the
